Abstract. The Interstage Turbine Burner (ITB) engine provide significantly higher specific thrust with no or only small increases in thrust specific fuel consumption substitute for conventional gas engine with after-burners. Continue combustion between a high pressure turbine stage and low pressure turbine stage is organized. Ultra-Compact Combustor (UCC), which is one of mainstream design concepts of ITB, has a broad application prospect in the field of aviation with the advantages of compact structure and high combustion efficiency. In order to improve the application of Ultra-Compact Turbine interstage combustor in aero-engine, the numerical simulation was carried out by using CFD technique to research on the influence of the number of cavities in the cavity on the ITB. The results show that the increasing number of structures of cavities in the cavity will enhance the circumferential cavity of the fuel and air mixing and burning, promote the combustion mixture to the mainstream radial transport capacity and improve combustion efficiency and uniformity of exit temperature field.
Introduction
Aviation gas turbine engine generally uses after-burners which has the advantages of improved engine thrust, but with low combustion efficiency and higher fuel consumption rate. Increasing turbine inlet temperature will become the main method to increase thermal efficiency due to temperature ratio [1] . But the high temperature brings material, cooling and other aspects of the problem for the purpose of enhancing the performance of the engine. ITB realizes the improvement of engine cycle work contribution to burning again through the channel between high and low pressure turbine blades [2, 3] .
There are two main design options for ITB at present. One is that a combustion chamber is arranged in the high and low pressure turbine transition section of the channel, the other one is that UCC scheme, which adopts the addition of a circumferential cavity through around the low pressure turbine vane, for combustion of fuel mixed with air [4] [5] [6] . Mawid M A promoted the mixing of gas and mainstream in the circumferential cavity by setting a radial vane cavity (RVC) on the UCC guide vanes [7, 8] . Because of the conventional UCC performance decreasing with the increase of the main channel size, a rectangular structure based on the principle of cavity vortex combustion is proposed [9] .
The room for ITB can be utilized with limited space. It is necessary to increase the rate of combustion or prolong the residence time of the flame in the combustion chamber to achieve full combustion of the fuel. The air slants into a circumferential cavity, located in the outer ring of the low-pressure turbine guide blade casing, forms a high speed whirl accompanied with high overload. Longer dwell time in the combustion chamber and higher flame propagation speed results in shorter axial distance to achieve stable and efficient combustion chamber burning. When the high speed swirling flow in the circumferential cavity flows through the cavity in the nozzle, the trapped vortex in the cavity is formed under the action of viscous force.
Organization of the Text

Definition and Verification of the Mode of UCC
The verification model of UCC is established and used as the benchmark model (Model-0) [10] . In view of the fact that the benchmark model is a central symmetric structure and purpose of saving computing resources and speeding up the calculation, the 1/6 model is only simulated in this paper, as shown in Figure 1 . In order to describe the flow field, a blade with one side of a radial slot is used as a guide vane. The computational domain is meshed by ANSYS, ICEM and CFD and the mesh type is structured grid, with a total number of 1 million 250 thousand cells, as shown in Figure 2 . At the same time, the wall region is encrypted and the first layer mesh is controlled between 30~100, which satisfies the condition of non-equilibrium wall function.
Three typical test cases are set up by UCC benchmark model [10] . Specific parameters are shown in Table 1 In the computational domain, the rotational boundary is adopted. Mass flow in both the inlets of main stream and secondary stream and presser-outlet boundary in outlets are adopted. The convective boundary condition is adopted at the top wall of the circumferential cavity. The convection heat transfer coefficient is set at 8.1 2 
W(m K)
 and the ambient temperature is set to 500K. The combined boundary conditions are applied to both sides of the circumferential cavity and the entrance and exit walls. The convection heat transfer coefficients are set at 8.  respectively. The ambient temperature is set at 300K and the emissivity of radiation heat transfer is set at 0.85. The other walls are subjected to adiabatic wall condition without sliding. In order to approximate the real distribution of oil droplets better, five cone sprays are set up to simulate the fuel injection. The parameters such as diameter, half cone angle and flow rate of oil droplets are shown in Table 2 and the injection speed is set at 30.5m/s. Since the experimental results are obtained on average in several positions, experimental results are subject to some errors due to the influence of the inhomogeneity of temperature and concentration of the outlet components. All the parameters obtained in this paper are weighted or weighted average. The calculation model itself is limited and experimental conditions are simplified. The numerical simulation results can't be consistent with the experimental results. The numerical simulation can be satisfied when the error between the numerical simulation results and experimental data is kept within the allowable range and consistent trend of variation is maintained.
The comparison between the numerical simulation results of the model, the experimental results and calculated results of the Reference 10 in the three test cases is shown in Table 3 . It can be seen that the total pressure loss, carbon dioxide molar concentration and combustion efficiency calculated in this paper are greater than the experimental results. The molar concentration of carbon monoxide, oxygen and nitrogen oxides, and total outlet temperature are lower than the experimental data. However, the error between the parameters and the experimental data is kept within the acceptable range, and it can be well consistent with the law of each parameter changing with the working condition under the test condition. Table 4 shows the numerical simulation results of Model-0 under LMLP and different grids. It can be found that with the increase of mesh number, the calculation results of each parameter change little. The maximum change rates of carbon monoxide, carbon dioxide, oxygen and nitrogen oxides in the outlet section are 2.02%, 1.51%, 0.2% and 3.73% respectively. The maximum change rate of total pressure loss, outlet temperature and combustion efficiency are 2.79%, 0.25% and 0.1% respectively, and the range of variation is within the allowable range. The comparison of the exit temperature field obtained by Model-0 in the different number of grids is shown in Figure 3 . The simulated exit temperature distribution is basically the same, and the results between 1 million 250 thousand grid number and 1 million 450 thousand grid number are more similar. In order to speed up the calculation and keep the calculation accuracy, the 1 million 250 thousand grid number is chosen as the Model-0 and improves configuration grid to ensure the independence of the calculation results and the mesh. 
Effects of Increasing Number of Cavities in Cavity on the Performance of UCC
The number of cavities in cavity in UCC model is increased from 6 to 12 (Model-1), and the number of fuel nozzles is correspondingly increased to 12. The 1/6 model is simulated in this paper, as shown in Figure 4 . FLUENT was used to simulate the combustion reactions of Model-1 under three operating conditions, such as LMLP, LMMP and HMHP. The influence of the number of fuel nozzles on the performance of the combustion chamber is investigated. Taking LMLP as an example, the flow characteristics in the combustion chamber are analyzed from the aspects of velocity field and temperature field. Table 5 shows the comparison of pressure loss, combustion efficiency, outlet temperature, component concentration and pollutant emission between Model-1 and Model-0 in three conditions. By comparing the parameters of Model-1 and Model-0, it can be seen that the CO and UHC molar concentrations of the Model-1 exit section are significantly lower than those of Model-0 but higher than it in total pressure loss especially in LMLP and HMHP. The reduction of combustible components CO and UHC means that combustion reactions in Model-1 are more complete than Model-0. Because of the increased number of cavities in the cavity, the contact area of fuel and air is wider and the mixture is promoted effectively, but the mixing process also dissipates more energy, bringing about the increase of total pressure loss. The NOx emission of Model-1 exports decreases greatly under the LMLP and HMHP conditions, and the rate of decline is above 70%, while in the LMMP case, there is an increase of 33%.The phenomenon is owing to the fact that equivalence ratio in the circumferential cavity is the largest under the LMMP condition. With the intensification of combustion reactions, there will be a wider range of high temperature regions, which leads to an increase in formation of thermal NOx in Model-1.
Stability and Emission.
Velocity Field. The velocity distribution nephograms of Model-1 and Model-0 under LMLP conditions are shown in Figure 5 . Both Model-1 and Model-0 have high velocity zones in the downstream channel near the circumferential cavity exit, but the high-speed region of Model-1 is closer to the central axis than the Model-0 in the radial direction, and the high velocity region at the side of the blade basin is more widely distributed at the circumferential direction. It illustrates that increasing number of cavities in the cavity enhanced the radial transport of the combustion mixture in the circumferential cavity and make it more fully blended with the mainstream, which is beneficial to improve the outlet temperature field of the combustor. Velocity stratification in Model-1 appears earlier than it in Moel-0 with the mainstream flow forward. There is a lower velocity region below 100m/s, which is favorable for the combustion reaction between the combustible component and the main stream in the middle of the blade passage. Velocity stratification occurs in the exit of Model-1 and Model-0 and there is a high speed zone in the middle of the top channel of the Model-1. Temperature Field. Temperature distribution nephograms of Model-1 and Model-0 under LMLP condition are shown in Figure 6 . The temperature field of Model-1 is quite different from that of Model-0. Model-0 has a region of high temperature above 2000K and the temperature at the top wall of the circumferential cavity is higher in the circumferential cavity. And Model-1 didn't appear obvious high temperature area, only exists above the blade channel away from the top wall, which is beneficial for improving the working conditions of the circumferential cavity and its service life. Model-0 shows the velocity stratification obviously between the blades. There is a high temperature zone at the top of both sides of the blade, where the high temperature area on the back of the blade is much wider, and the lower part of the channel is also covered with a large area of low temperature, which is in the downstream channel of the circumferential cavity. Compared with Model-0, the temperature distribution of Model-1 in the downstream channel is obviously improved. There is no high temperature zone at the top, and the lower temperature zone is obviously lower than that of Model-0, and the radial temperature distribution is more uniform, which is mainly due to the enhancement of the radial transport capacity of the combustion mixture in the circumferential cavity to the mainstream. Model-0 still has a large range of high temperature zone at the top and a low temperature zone at the bottom, while the low temperature zone of Model-1 disappears completely. The uniformity of temperature field is obviously improved compared with that of Model-0. The results of exit radial temperature varying with the relative height of the guide vanes of Model-1 and Model-0 under LMLP, LMMP and HMHP conditions are shown in Figure 7 . Under LMLP condition, the average radial temperature of Model-0 increases with the increase of blade height. With the increase of blade height, the radial average temperature of Model-1 firstly decreases, then increases and then decreases. The highest temperature appears near radial average 80% blade height and the temperature changes significantly reduce. Under the LMMP condition, the radial temperature of Model-0 increases with the increase of blade height at first and decreases then. However, the radial average temperature of Model-1 is positively related to the blade height. The range of temperature variation increases and the uniformity of the radial temperature distribution is less than that of Model-0. With the increase of blade height, the radial temperature of Model-0 increases gradually under HMHP condition. The radial temperature of Model-1 firstly decreases and then increases and the range of temperature variation is less than Model-0, radial temperature distribution is more uniform. The results of Temperature distribution coefficients of outlet section of Model-1 and Model-0 under LMLP, LMMP and HMHP conditions are shown in Table 6 . From the data in Table 6 , the outer temperature distribution (OTDF) of Model-1 is obviously smaller than that of Model-0 under three conditions, and radial temperature distribution (RTDF) of Model-1is lower than that of Model-0 under the LMLP and HMHP conditions, in contrast to results under LMLP condition. Generally, the maximum temperature of the Model-1 outlet section has a substantial decrease, and the uniformity of the radial temperature distribution is also obviously improved, compared with the Model-0 compared with Model-0. 
Summary
A geometric model of UCC with increasing number of cavities in the cavity is established for numerical simulation about three-dimensional turbulent combustion reacting flow in the cavity. This article discusses the influence of increasing number of cavities in cavity on the performance of UCC and the results are shown below: 1. The model established accurately reflects the flow field parameters of UCC with good applicability and reference, which can be used for further investigations of UCC.
2. The increased number of cavities in the cavity enhances the blended combustion of fuel and air in circumferential cavity and improves the capacity of combustion mixture conveying to the radial mainstream.
3. Although the total pressure loss is increased, the combustion efficiency and the uniformity of the exit temperature field have been greatly improved.
In a word, the above-mentioned research conclusions provide valuable guidance and advice to the structure improvement of UCC under different condition.
